Aims-This study examined the effectiveness of methadone maintenance initiated prior to or just after release from prison at 6 months post-release.
INTRODUCTION
More than 2 million adults are incarcerated in the United States [1] , with approximately 12-15% having pre-incarceration histories of heroin addiction [2, 3] . While the rate of incarceration in the United States is estimated at four times higher than other industrialized nations such as Canada, England, Germany and France [4] , rapid relapse to opioid (principally heroin) addiction following incarceration is a continuing, world-wide problem. Moreover, re-addiction to heroin is accompanied by increased criminal activity [5] [6] [7] , risk of human immunodeficiency virus (HIV) infection [8] [9] [10] , hepatitis B and C infections [11, 12] , overdose death [13, 14] and re-incarceration [15, 16] . Therefore, the development, implementation and evaluation of effective drug abuse treatment strategies for incarcerated offenders with heroin addiction histories is needed urgently [17] [18] [19] .
Prisons provide an important opportunity to engage individuals with heroin addiction histories in drug abuse treatment, as most heroin-dependent people do not receive such treatment while incarcerated or upon release [10, [19] [20] [21] , contributing further to the vicious cycle of relapse, recidivism and re-incarceration. Forty years of experience and research evidence in community-based settings have shown that opioid agonist therapy, involving primarily methadone maintenance, is highly effective in reducing heroin addiction, crime and HIV transmission [19, [22] [23] [24] . Furthermore, methadone maintenance has been found to be superior to other treatment modalities with regard to retaining patients in treatment [24, 25] . Moreover, the use of maintenance therapy in prisons has been increasing throughout Puerto Rico, Europe, Australia, Canada and Asia [26] [27] [28] .
Despite substantial evidence of effectiveness in reducing heroin addiction and its adverse public health and public safety consequences, and its widespread use in other nations, opioid agonist treatment programs have rarely been implemented in jail and prison settings in the United States. The first such experimental program, described by Dole et al. [29] , indicated that 12 inmates who began methadone maintenance approximately 10 days before their release and were referred to community-based maintenance treatment for aftercare had lower readdiction and re-incarceration rates at 7-10 months post-release than did 16 untreated controls. Subsequently, a jail-based methadone program, named Key Extended Entry Program (KEEP), has been operating continuously in New York City since 1987 [30, 31] . Baltimore's pilot project was, to our knowledge, the first in the United States that focused upon prison inmates who had longer periods of incarceration and who were previously, but not currently, heroin-dependent. Results indicated that it was feasible to enroll pre-release prison inmates in maintenance treatment [32] .
In contrast to the mainland United States, a number of European countries offer opioidsubstitution treatment routinely, consisting of methadone and/or buprenorphine [31, 33] . Moreover, prison-based opioid maintenance treatment has been found to be effective in other countries where injection drug use in prison has been estimated to be between 11% and 53% [28, 34, 35] . In Puerto Rico, a pilot study using methadone in prison was found to be acceptable for heroin addicted inmates [28] . A randomized controlled trial of methadone maintenance in an Australian prison system found that those participants receiving methadone reported lower levels of injection drug use and needle sharing compared to the control group [27] . A subsequent study in Puerto Rico found that buprenorphine treatment was found to be feasible with pre-release prisoners and facilitated post-release community-based treatment entry [26] .
The present study
The present study is, to our knowledge, the first randomized controlled clinical trial of prisoninitiated methadone maintenance treatment conducted in the United States. In the present study, imprisoned males with pre-incarceration heroin dependence who were nearing release and met criteria for opioid agonist treatment were assigned randomly to one of three conditions, as follows. (i) Counseling only: counseling in prison without methadone with passive treatment referral upon release; (ii) counseling + transfer: counseling in prison without methadone and with transfer to methadone maintenance in the community upon release; or (iii) counseling + methadone: counseling and methadone in prison with transfer to methadone maintenance in the community upon release. Counseling in prison and methadone treatment were delivered by the same community treatment provider, which continued to offer treatment upon release to participants in the counseling + transfer and counseling + methadone conditions. Previous reports detailed 1-and 3-month post-release results that showed methadone maintenance, either initiated in prison and/or begun in the community, to be more effective than counseling only in terms of categorical measures of heroin use (urine testing and selfreport), treatment entry and crime [36, 37] . Because most prisoners with heroin addiction histories relapse typically within 1 month of release [25] and the first 3 months after release is a crucial adjustment period for newly released prisoners [38] , these proximal findings, although limited, are of importance. The present paper examines whether outcomes measured continuously over a longer period of time will remain similar to the shorter-term findings at 1 and 3 months post-release. Furthermore, the paper will determine whether the longer-term outcomes support the superiority of initiating methadone treatment in prison prior to release compared to shortly after release and counseling only. This paper reports on results for 201 participants, and focuses upon comparing the three study groups on the outcomes described below-180 days after participants were released from prison. Results of these analyses provide valuable information on longer-term post-institutional outcomes-during a period in which most untreated prisoners have returned to addiction [17, 39] .
METHODS

Overview
This is a brief description of the study methods, described in more detail elsewhere [36, 37] . Males incarcerated in a Baltimore pre-release facility who met study eligibility criteria (see below) and consented to participate were assigned randomly to one of the three treatment conditions. All participants received an individual intake and were scheduled subsequently to receive, within treatment condition, 12 weekly sessions of group psychoeducation. Immediately prior to scheduled release, all participants were scheduled to meet with the study's counselor individually for a discharge planning session. This study was approved by the Friends Research Institute's Institutional Review Board, whose membership included a prisoner advocate/representative.
Eligibility/exclusion criteria
Inmates must have met the following criteria: (i) 3-6 months remaining to serve before release from prison; (ii) history of heroin dependence [meeting Diagnostic and Statistical Manual of Mental Disorders (DSM-IV); [40] criteria of dependence at time of incarceration] and being physiologically dependent during the year prior to incarceration; (iii) suitability for methadone maintenance as determined by medical evaluation; (iv) willingness to enroll in prison-based methadone maintenance treatment; and (v) residing in Baltimore following release. Further, individuals who did not meet the heroin-dependence criterion were eligible if they were enrolled in opioid agonist maintenance treatment in the year before incarceration. Inmates with pending charges and/or pending parole hearings were excluded.
Participant screening and recruitment
Participants were recruited between September 2003 and June 2005, inclusive, from male prisoners in a Baltimore pre-release facility who would have met US federal criteria for methadone maintenance treatment at the time of their incarceration. Participants were recruited by group orientation sessions and word of mouth. Inmates willing to enroll were screened individually for participation by study personnel. Eligible inmates then met with research staff for informed consent. There was an informed consent to participate in the study which was obtained immediately prior to the baseline assessment. This consent provided prospective participants with specific information about the potential risks and benefits of study participation. Final determination for study enrollment was made by the methadone program's medical director following a physical examination ( Fig. 1 ). During the multi-step informed consent process, first the research assistant and subsequently the study physician explained both verbally and in writing that methadone can produce physical and psychological drug dependence. In addition, immediately after randomization, participants randomized to the counseling + methadone condition provided their written informed consent to begin methadone maintenance treatment.
Six-month post-release follow-up assessments were conducted on 201 (95.3%) of the 211 participants due for this assessment; 63 of 70 (90.0%) in the counseling only condition, 68 of 70 (97.1%) in the counseling + transfer condition and 70 of 71 (98.6%) in the counseling + methadone condition.
Interventions
Counseling only participants were informed at release by treatment staff to seek drug abuse treatment in the community in any of the publicly funded programs in Baltimore according to those programs' standard admission procedures. Counseling + transfer participants were informed at release by treatment staff to report to the community-based methadone program within 10 days to begin methadone at 5 mg, with dose increases of 5 mg every eighth day to a target minimum dose of 60 mg. Participants randomized to the counseling + methadone condition began at 5 mg of methadone and increased by 5 mg every eighth day during incarceration to a target dose of 60 mg. At release, they were advised by treatment staff to report to the program's community-based methadone program within 10 days for continuing care. Counseling + methadone participants were not given any take-home methadone upon their release from prison. The protocol arranged for the participant to be administered methadone on the day of release from prison. Counseling + methadone participants were told by the prison counselor and research staff to report to the treatment clinic the day following release to continue their medication. Although participants were encouraged strongly to report to the clinic on the day following release, they were given a grace period of up to 10 days to report in order to be medicated as part of the study. Once they arrived at the program, methadone dosage could be increased or decreased based on clinical need. These slow induction rates were followed because participants were not physiologically tolerant to opioids at the time medication was initiated.
The study funding paid for methadone treatment in the community for up to 12 months per participants in counseling + methadone and counseling + transfer conditions. The study did not provide funding for participants in the counseling only condition. Counseling only participants were referred to any drug abuse treatment in the community (including methadone, out-patient drug-free or residential treatments) to which they wished to attend. These treatments in the public sector in Baltimore are available on a sliding scale, and no one is refused treatment for inability to pay.
Assessments
Assessments included demographic information and histories of drug abuse, drug abuse treatment, criminal activity and criminal justice system involvement. Measures administered at baseline (study entry) and 6-month follow-up included the Addiction Severity Index (ASI) [41] , which assesses problem severity in seven life-functioning areas: alcohol use, drug use, medical, psychiatric, family/social, employment and legal. Additional, more detailed historical information about criminality, criminal justice system sanctions, drug abuse and drug abuse treatment than provided by the ASI were obtained at baseline and follow-up from a supplemental self-report questionnaire based on previous research on heroin-dependent offenders [7] . Follow-up assessments scheduled 6 months after release from prison consisted of treatment record review and urine drug testing for opioids, cocaine and other illicit drugs.
Outcome measures
The primary outcome measures examined during the 6-month follow-up period were: (i) urine drug test results for (a) opioids and (b) cocaine; and the frequency or number of days in the past 180 days that the participant reported: (ii) being in drug abuse treatment; (iii) using heroin; (iv) using cocaine; (v) being involved in other illegal activity (excluding illicit drug use and/ or possession); and (vi) re-incarcerated. Urine drug test results were obtained for the presence of opioids and cocaine metabolites using the enzyme multiplied immune test (EMIT). Urine tests were conducted either at the research office or in the community and used for research purposes only. Data on drug abuse treatment status were obtained from treatment program records and participant self-report. Data on self-reported heroin use, cocaine use, criminal activity, re-incarceration status and the number of days incarcerated were obtained from the ASI and the supplemental questionnaire. The continuous outcome measures excluding number of days incarcerated were based on the percentage of days that they were in the community and, therefore, had full opportunity to use drugs and commit crime.
Statistical analysis
The 201 participants were compared by treatment condition with regard to each outcome variable listed above using logistic regression [42, 43] for the analyses of dichotomous outcome variables and Poisson regression for the continuous variables [44] . A small set of control variables was chosen for the regression analyses because of the relatively small sample size. Behavioral variables that had predicted responsiveness to drug abuse treatment in previous research with offender populations were included, such as age at first crime [15, 45, 46] ; a history of previous cocaine use [47, 48] ; and completion of prison treatment [49, 50] . Control variables in all regression analyses included: (i) age; (ii) age at first crime; (iii) previous cocaine use, measured as the number of self-reported days used cocaine in the 30 days in the community before the current incarceration; and (iv) completed prison treatment. For the analysis of each outcome variable, the predictor variable of primary interest, treatment condition and the control variables were entered simultaneously in the relevant regression analysis for each dependent variable.
Participant characteristics
Most participants in each of the three study conditions were African American, between 35 and 45 years of age, had not completed high school and had had at least six previous incarcerations. Participants in each condition, on average, began heroin use in their late teens, generally 4-5 years after the onset of criminal activity. In the 30 days prior to their current incarceration, participants in each condition reported, on average, using heroin and committing crime nearly every day. While at least two-thirds of members of each study condition reported previous drug abuse treatment, approximately 20-25% reported previous methadone maintenance treatment.
There were no statistically significant differences between the three treatment conditions on the variables mentioned above. In addition, the 10 participants not assessed at 6 months postrelease (see Consort diagram, Fig. 1 ) were compared on baseline characteristics to the 201 study participants who were located and completed a 6-month follow-up interview. The only significant difference was that those participants not assessed at 6-month post-release had higher rates of self-reported heroin use 30 days prior to incarceration (29.7 versus 27.2; P = 0.026).
RESULTS
Treatment participation in prison
The respective proportions, by condition, of participants who began their respective treatment in prison were: counseling only (71.4%); counseling + transfer (84.3%) and counseling + methadone (94.3%). Furthermore, counseling + methadone participants were more likely than counseling only (P = 0.001) and counseling + transfer participants (P = 0.046) to initiate treatment in prison. Moreover, only 52.8% of counseling only participants remained in treatment upon release, compared with 75.7% of counseling + transfer and 70.4% of counseling + methadone participants. Both counseling + transfer (P = 0.004) and counseling + methadone (P = 0.024) had a greater proportion of members in treatment upon release than did counseling only. The major reason that participants assigned to the counseling only condition failed to engage in treatment during prison was that these individuals wanted to be randomized to the counseling + methadone or counseling + transfer conditions. Table 1 shows results for the logistic regression analyses predicting opioid-and cocainepositive urine results. Ninety-five per cent confidence intervals and odds ratios for each of the predictor variables in the logistic regression analyses are presented.
Urine testing at 6 months post-release
Urine drug testing for opioids-Urine testing for opioids was predicted significantly by the set of five predictor variables. The percentages of participants in each condition that tested positive for opioids were, respectively, counseling only 65.0% (n = 26), counseling + transfer 47.7% (n = 19) and counseling + methadone 27.9% (n = 12). Treatment condition was the only significant predictor variable, with counseling only participants more likely to test positive compared to counseling + methadone participants (P = 0.002) ( Table 1) .
Urine drug testing for cocaine-Urine testing results for cocaine was not predicted significantly by the set of five predictor variables. The percentages of participants in each condition that tested positive for cocaine were, respectively, counseling only 75.0% (n = 30), counseling + transfer 53.8% (n = 21) and counseling + methadone 58.1% (n = 25). Counseling + transfer participants were significantly less likely to test positive for cocaine compared to counseling only participants (P = 0.041) ( Table 1) . Table 2 presents the results for continuous outcome variables (treatment days, heroin use days, cocaine use days, crime days and re-incarceration days).
Treatment, drug use, criminal activity and re-incarceration at 6 months post-release
Days in treatment-Days in community-based treatment was predicted significantly by the set of five predictor variables (P < 0.0001). As shown in Table 2 , those participants in the counseling + methadone (P = 0.0001 compared to counseling only and counseling + transfer) condition were more likely to spend more days in treatment compared to counseling only and counseling + transfer participants (mean treatment days = counseling + methadone 100.4, counseling + transfer 57.5, counseling only 13.8). Furthermore, those in the counseling + transfer condition were more likely than the counseling only participants to remain in treatment longer (P = 0.0001). Age was also a statistically significant predictor (P = 0.009), with the regression coefficient indicating that older participants were more likely to be retained in treatment. Finally, as expected, those participants that completed prison treatment were more likely, on average, to have longer durations of community-based treatment (P = 0.0001) than were those participants who failed to complete prison treatment. In addition, the number and proportion of those in methadone treatment, respectively, were 48.5% in the counseling + transfer (n = 31) and 68.55% in the counseling + methadone (n = 48) group. None of the counseling only participants entered methadone maintenance treatment.
Heroin use days-Self-reported heroin use in the past 180 days post-release was predicted significantly by the set of five predictor variables (P < 0.0001). Treatment condition was the only significant predictor variable. Those participants in the counseling + methadone (49.2 versus 85.8 days, P = 0.009) reported fewer days of heroin use compared to counseling only participants. In addition, the proportions of participants reporting one or more days of heroin use by condition were, respectively, counseling only 82.5%; counseling + transfer 77.9%; and counseling + methadone 62.8%. However, 11 participants reported using heroin for the entire 180 days (counseling only, n = 7; counseling + transfer, n = 3; counseling + methadone, n = 1).
Cocaine use-Self-reported cocaine use in the past 180 days post-release was predicted significantly by the set of five predictor variables (P < 0.0001). Those participants in the counseling + transfer (25.0 versus 51.9 days, P = 0.034) reported fewer days of heroin use compared to counseling only participants. As might be expected, higher levels of self-reported cocaine use in the 30 days prior to the current incarceration was related to reporting having used cocaine more frequently at 180 days post-release (P = 0.0001).
Criminal activity days-Self-reported criminal activity in the past 180 days post-release was predicted significantly by the set of five predictor variables (P < 0.0001). As shown in Table 2 , treatment condition was the only significant predictor variable (P = 0.043). Those participants in the counseling + methadone (P = 0.025) and counseling + transfer conditions (P = 0.053) reported fewer days of criminal activity, on average, compared to participants in the counseling only condition (mean criminal activity days = counseling + methadone 28.5, counseling + transfer 35.6, counseling only 56.5).
Number of days re-incarcerated-Re-incarceration days were predicted significantly by the set of five predictor variables (P < 0.0001). Age was the only significant predictor variable. Younger participants were more likely to be re-incarcerated for more days (P = 0.006) than were older participants. Treatment condition was not statistically significant (mean reincarceration days = counseling + methadone 21.4, counseling + transfer 23.3, counseling only 21.4).
DISCUSSION
Participant characteristics
The 201 participants resembled previous samples of incarcerated offenders from large American cities with histories of heroin addiction regarding the following characteristics: disproportionately African American [6, 10, 17, 51] ; low educational attainment compared to the general population [17, 51] ; early onset of both drug use and crime during the teenage years, [5, 7, 17] ; more involvement with incarceration than with drug abuse treatment [10, 17] ; and rapid relapse to heroin addiction following prior incarcerations [17, 38, 41] .
Outcomes at 6 months post-release
This study suggests that opioid agonist maintenance treatment, provided to prisoners with preincarceration histories of heroin addiction, may be an effective intervention for interrupting the cycle of relapse typically experienced by individuals with heroin addiction histories who are released from prison. The present results confirm and extend the conclusions of our previous pilot study on the effectiveness of such treatment [17, 32] and on findings from Puerto Rico [26, 28] and Australia [27, 52] . The current investigation, involving 201 participants in a rigorously conducted randomized clinical trial, indicates that in-prison opioid maintenance facilitates community treatment entry and retention and reduces self-reported heroin use and opioid use measured by urine testing as well as self-reported criminal activity at 6 months postrelease.
The findings regarding treatment outcome extended those on categorical outcomes measured in this study at 1 and 3 months post-release [17, 37] . In both the pilot study [17, 32] and the current report, participants who received prison-initiated maintenance treatment were significantly more likely to be retained in community-based treatment for more days than inmates who received either information on how to access drug abuse treatment after release or counseling only.
Methadone maintenance initiated in prison was superior to the counseling only condition with regard to post-release treatment retention, opioid-negative urine test results and self-reported heroin use and criminal activity. Compared to counseling only participants, those who received counseling + methadone spent more than eight times the number of days in drug abuse treatment in the 6 months following release. Furthermore, counseling only participants' frequency of self-reported criminal activity (57 of 180 days-excluding illicit drug use or possession) was twice as high as that reported by counseling + methadone participants (29 days).
Counseling + transfer participants, who were intended to begin maintenance treatment in the community, generally showed post-release outcomes that were superior to those of counseling only, although not as pronounced as the contrast between counseling only and counseling + methadone. Counseling + transfer respondents were significantly more likely than counseling only individuals to have more days in treatment by 6 months post-release and to report significantly lower frequencies of cocaine use.
Findings for re-incarceration were not significant with regard to treatment condition. In terms of re-incarceration, it is possible that a number of the re-incarcerations could have been for offenses that were not captured by self-report (i.e. possession of illicit substances and/or violations of parole and/or probation). Furthermore, only a small percentage of crimes result in arrest and incarceration [53] .
Although longer-term follow-up results are needed in order to draw more definite conclusions, because opiate addiction is a chronic relapsing disorder [54] , these 6-month post-release results of the first controlled clinical trial of in-prison methadone maintenance treatment in a US prison build upon both those obtained in our initial pilot study [32, 37, 46] and results found at earlier points in time in the current study with categorical outcomes [36, 37] . Results indicate further that the current intervention may meet an urgent need in ensuring continuity of drug abuse treatment spanning the institution and the community, a goal emphasized by the Office of National Drug Control Policy [55] . Moreover, the results are consistent with the recommendations of Rich and his colleagues [18, 56] that far more prison and jail inmates with heroin addiction histories need to have access to methadone maintenance treatment that continues in the community in order to interrupt the cycle of re-addiction, related risk behavior and crime among this population.
Limitations
There are several limitations to this study. First, it was not feasible to obtain urine samples on all of the 201 participants, due mainly to re-incarceration, hospitalization or interviewed at a later follow-up interval. Understandably, the availability of urine drug screening on all 201 participants would have allowed a more precise comparison of the effects of treatment condition on heroin use and cocaine use. Secondly, the sample involved only male prisoners from Baltimore. Therefore, the findings cannot be generalized to female prisoners or to prison inmates from other geographic locations. Thirdly, at the time of this writing, objective arrest data on study participants were not available. Results of Poisson regression analyses of days retained in treatment, days used heroin, days used cocaine, days committed crime, and days re-incarcerated Ref.
Consort diagram of recruitment
11.26
Ref. Ref.
15.92
Ref.
21.86
32.12
Ref. 
23
